abstract OBJECTIVE: To describe the incidence, age at diagnosis, and associations between perinatal risk factors of feeding and eating disorders (FED) diagnosed at hospital in children aged 0 to 3 years.
Problems of feeding and weight are common causes of parental concern and referrals to pediatric services in early childhood. 1, 2 Feeding and eating problems affect 25% to 40% of infants and young children with normal development and 80% of those with chronic or serious medical conditions or developmental disorders. 3 In the International Classification of Diseases, 10th Revision (ICD-10), 4 the diagnosis of feeding and eating disorders (FED) in infancy and early childhood is made in accordance with clinical guidelines and diagnostic criteria that include the failure to eat adequately, failure to gain weight or loss of weight over a period of at least 1 month, with no organic disease or mental disorder to account for the failure to eat. In the ICD-10, FED in infancy and early childhood is differentiated from eating disorders with later onset, whereas the Diagnostic and Statistical Manual, Fifth Edition, does not differentiate between developmental subtypes. 5 The diagnostic concept of feeding disorder of infancy and childhood is still under revision. The ZERO-to-THREE Diagnostic Classification of Mental Health Disorders of Infancy and Early Childhood proposes 6 subcategories 6,7 for feeding behavior disorders. It subclassifies feeding disorders according to various organic and nonorganic causes and comprises a broader understanding of the etiology of these disorders. Thus, it is difficult to define FED accurately and to quantify the prevalence of FED precisely because of the inconsistencies in these different classification systems. 8 Because the ICD-10 diagnoses are used in the Danish health care system, they are used to define FED in this study.
Research on problematic eating in early childhood falls into 2 major areas: studies of weight faltering or failure to thrive (FTT) and studies of feeding and eating problems. 2 However, the literature on FED is hampered by methodological shortcomings regarding validated measures to assess clinically impairing feeding and eating behavior 9 and consensus regarding the definitions of weight faltering. 10 Epidemiologic data on FED in young children diagnosed using to the current diagnostic practice are scarce. 11, 12 It is presumed that FED are multifactorial in nature and involve interactions among biological, environmental, and behavioral factors. 11, [13] [14] [15] [16] Some predisposing factors for FED may originate from the perinatal period. Low gestational age and birth weight have been identified as risk factors. Follow-up studies of very preterm infants (<32 weeks' gestation) and infants born with very low birth weight (<1500 g) have shown an increased risk of feeding and eating difficulties. [17] [18] [19] This has also been found in moderate preterm infants (33-36 weeks' gestation). [20] [21] [22] [23] [24] Preterm infants are predisposed to neurologic difficulties [25] [26] [27] and often require nasogastric tube feeding, sometimes for prolonged periods (several weeks). Therefore, it is expected that some of the preterm infants develop feeding and eating problems. 7 However, the magnitude of these problems has not been investigated thoroughly, and the attributable risk of prematurity to FED is unknown.
Term-born children 28 may also develop FED, and some of these children may be predisposed to FED because of biological factors, 28 such as congenital malformations or being small for gestational age (SGA). 29 It has been suggested that different risk mechanisms may be involved at different neonatal ages; these mechanisms may vary according to the stage of development and may be related to the sensorimotor development related to feeding, eating, and the processes of individuation and self-regulation of the child. 9 In a general population birth cohort study, the Copenhagen Child Cohort (N = 6090), Olsen et al investigated FTT and found it to be closely related to contemporary measured feeding problems; however, the risk mechanisms involved seem to differ according to age of onset within the first year of postnatal life. 29 Thus, the onset of FTT within the first weeks of life was associated with low birth weight and gestational age, single parenthood, and maternal smoking in pregnancy. The onset of FTT between 2 weeks and 4 months was associated with congenital disorders, serious somatic illness, and deviant mother-child relationship; the onset of FTT between 4 and 8 months was related to feeding problems arising de novo in otherwise healthy children. To our knowledge, this hypothesis has not been corroborated in other studies.
In the current study, we used the data in Danish registries to investigate children diagnosed with FED at public hospitals, with the aim of describing the incidence and the time of onset of FED in a national cohort of children aged 0 to 3 years. We studied the relationship between FED and predefined, predominantly biological, perinatal risk factors. We hypothesized that the risk of FED would be associated with perinatal factors such as gestational age and birth weight and that the risk pattern would vary according to family variables and the age of first diagnosis of FED.
METHODS

Study Population
The study population was all children born in Denmark during a 14-year period from January 11997 to December 31, 2010 
Assessment of FED
ICD-10 diagnoses on FED were obtained from the Danish National Patient Register, 30 where diagnoses from all admissions to public hospitals are registered, including both inpatient and outpatient admissions. In clinical practice at public hospitals in Denmark, all referred patients are diagnosed according to ICD-10. The FED diagnoses are mainly given at pediatric departments and are based on information from medical health records, parent information, and clinical and paraclinical assessments. The final diagnosis is made by a medical doctor. The Danish National Patient Registry has, since 1995, recorded all referrals and discharge diagnoses from public hospitals 30 and contains data on all inpatient and outpatient patient admissions to all somatic and psychiatric hospitals. We included the following ICD-10 diagnoses of FED: Feeding disorder of infancy and childhood (F98.2) and Other eating disorder (F50.8). Because we hypothesized that the incidence of childhood eating disorders and the effects of covariates differed according to the age at the first diagnosis and because our preliminary analyses showed that most children were diagnosed within their first 12 months of life, we performed a stratified analysis by dividing the patients into 3 age groups for the analysis of FED: very early onset (0-4 months), early onset (5-11 months), and late onset (≥12 months).
Identifi cation of Covariates
In the Danish Medical Birth Registry, 31 we identified the following perinatal factors: gestational age, birth weight, Apgar score <7 at 5 minutes, cesarean delivery, admission to a neonatal department (newborn infants who need intensive medical attention; eg, being born prematurely, having a difficult delivery, birth defects), and maternal smoking during pregnancy and parity. The parents' ethnicity (ie, country of birth) and maternal and paternal ages were obtained from the Danish Civil Registration system. Information about serious congenital malformations was retrieved from the Danish National Patient Registry; this included hydrocephalus, spina bifida, malformations of vital organs, metabolic diseases, and Down syndrome. A complete list of the congenital malformations included is shown in the Supplemental Data.
Because some gestational ages were evidently registered incorrectly, we excluded children with improbable measures of gestational age, and only children with a gestational age between 23 and 43+6 weeks were included in the study population. SGA was defined as a birth weight less than -2 SD according to the growth chart developed by Maršal et al. 32 To exclude outliers with probable coding errors, only children with a birth weight between -6 SD and +6 SD according to the growth chart were included.
Study Design
Children in the study population were followed up from birth until they were diagnosed with FED, reached the age of 48 months, emigrated, or died or until the end of follow-up on December 31, 2010, whichever came first.
Statistical Methods
Cumulative incidence was estimated by using the Aalen-Johansen method. 33 Risk factor analysis was performed as univariate and multivariate Cox regression analyses (SAS version 9.4 for Windows), which yielded hazard ratios (HRs) of having a FED diagnosis. Putative risk factors of FED according to the literature or factors that were associated with FED in the univariate analyses at the statistical level of P < .20 were subsequently included in a multivariable Cox regression analysis. The variables in the final model were gender, gestational age, parents' ethnicity, parity, SGA, cesarean delivery, Apgar score <7 at 5 minutes, and congenital malformations. Because of a potential birth cohort effect, all analyses were adjusted for year of birth as stratum.
In the univariate models, we tested whether the Cox proportional hazards assumption held by dividing the models into different age groups: 0 to 4 months, 5 to 11 months, and 12 to 47 months or 0 to 47 months. This was done by the log likelihood test. When the test gave a nonsignificant result, the factor was considered to have the same effect in ages 0 to 47 months, and this age range was used in the models; otherwise, the models were analyzed according to the distinct age strata.
RESULTS
Of the study population of 918 280 children, 17 053 (1.9%) were excluded because of missing or implausible predictor variables, leaving 901 227 children. We identified 1365 children (723 girls; male/female ratio 0.9:1.1) with a diagnosis of FED, giving a cumulative incidence of 1.6 per 1000 live births.
Parent and child characteristics are shown in Table 1 . Preterm children were more likely to be diagnosed with FED. Of the children diagnosed with FED, 84% were term born, which corresponded to an attributable risk of prematurity of 63.6, meaning that only 4.7% of the 1365 diagnoses were related to prematurity.
Cox regression analyses of the perinatal variables are shown in Table 2 
DISCUSSION
Feeding and eating problems and associated FTT in infants and young children are common clinical problems in pediatric settings. However, understanding of the epidemiology is limited. Few studies have examined the incidence and risk factors for clinician-diagnosed FED in large samples of hospital-referred children aged 0 to 3 years. Using Danish population registers, we identified a national cohort of 901 227 children born in a 14-year period (1997-2010), 1365 of whom had been referred to hospital and received an ICD-10 diagnosis of a feeding disorder, which corresponded to a cumulative incidence of 1.6 per 1000 live births. To our knowledge, only 2 other studies have explored the incidence and prevalence of FED in children aged 0 to 3 years; both were based on the Copenhagen Child Cohort (N = 6090). 34 A prevalence study found ICD-10 FED diagnoses in 2.8% (95% CI, 1.1-6.1) of children aged 18 months in the general population. A study of referred children showed an incidence of FED diagnosed at hospital in children aged 0-3 years of 1.5 per 1000, 12 and our findings are consistent with this latter study.
In our study of clinically referred children with FED, children born prematurely, who were SGA, or who had congenital malformations had the highest risk of FED. This finding confirms the results of populationbased studies of preterm children with an increased incidence of feeding, eating, and weight problems. In a study of 223 children born at by guest on September 13, 2017 Downloaded from gestational age 25 weeks or earlier, 30 children who were born extremely premature had a 3.6-fold higher risk of eating problems at 6 years of age. However, the inverse dose-response relationship between gestational age and FED found in our study has not been described in a larger study population. As for prematurity, SGA showed a dose-response relationship with FED in our study. Both are associated with neurologic problems, 1, 16 and many premature or SGA infants receive tube feeding during their stay in the neonatal department. Although our study design does not allow conclusions about the reasons for the increased FED in preterm and SGA children, we consider that the potential causal factors include neurologic problems, effects of tube feeding, and early mother-infant relationship. 35 Another factor to consider is the slow weight gain in preterm and SGA infants whose growth does not catch up in the first year of life. Other studies 29 have found that slow weight gain in infancy is strongly associated with FED. This may explain why the risk of FED seemed to increase with increasing age among the SGA infants in our study.
Even though preterm birth, SGA, congenital malformations, and other markers of perinatal adversity were strongly associated with FED, most of the children with FED were term born, with a birth weight >2500 g and lacked congenital malformations. Overall, girls had an increased risk of FED, particularly in the first months of life. This finding is notable because perinatal and neurodevelopmental problems occur more frequent in boys, 36 and FED associated with these problems would be expected to be more common in boys. The present finding should be confirmed; if replicated, these findings suggest that there is an early trajectory of feeding and eating problems in girls.
The association between maternal smoking during pregnancy and FED in the first postnatal months corroborates findings on the risk of early onset FTT. 29 Taken together, the present findings underscore the multifactorial nature of FED in which several biological adversities, together with child and family factors, seem to play a role. Our design does not allow for further conclusions regarding the developmental risk of FED because we measured the time at the first diagnosis and not the time of FED debut. However, our data support the idea that most FED occur in the first year of life. We did not correct for the age of prematurity. The low HRs during the first 4 months of life in infants born before gestational week 28 may be explained by the longer period of admission because most of these children are first discharged when they reach the expected term age (gestational week 36).
The multifaceted pattern of FED in young children suggested by the present findings is consistent with the proposal of subcategories of FED in children aged 0 to 3 years in the Diagnostic Classification DC: 0-3R, which considers infant regulatory factors, relational factors, and the presence of medical and developmental diseases. 9 The present findings also underscore the need for further research into FED and associated factors, in particular, the role of parity, female gender, and parents' ethnic background as well as the influence of risk related to maternal and relational factors.
6
The major strength is the large sample (N = 1365) of 0-to 3-yearold children with a clinical diagnosis of FED. The study population was derived from a nationwide cohort, who received treatment provided by the government health care system at no cost to the patient, thus minimizing selection bias due to economical restraints.
Our study had some limitations. As mentioned in the introduction, the FED diagnosis is not consistently defined throughout the different diagnostic systems, and the validity of the FED diagnoses in young children has not yet been fully established. 19 For practical reasons we used the ICD-10 diagnostic system because it is used in the Danish health care system and included in the Danish public registries. Some misclassification is possible, which potentially may have caused underestimation of the true incidence of FED. We only investigated infants referred to public hospitals who fulfilled the criteria of an ICD-10 FED diagnosis and referred children with feeding problems that did not meet these criteria remains unknown. Infants who were treated for FED by general practitioners or private practicing pediatricians in the primary health care sector were not included because data from these physicians are not recorded in the public registries. Overall we suggest that this nonparticipation mainly concerns children with less severe forms of FED.
Our cases were identified at hospitals and thus included sick children with severe birth defects, congenital malformations, or metabolic disorders. We were unable to explore the physical illnesses, and we cannot draw conclusions about the association between different kinds of physical disabilities and the risk and time of onset of FED. Our study design did not allow for more detailed investigation of particular sociodemographic and psychosocial factors, however relevant these might be.
Further research should include assessments of the child's somatic illness and cognitive/ neurologic development, the family's socioeconomic status, parental educational level, maternal psychiatric illness, and the motherinfant relationship.
CONCLUSIONS
Preterm birth, SGA, and congenital malformations are associated with increased risk of FED in the first 3 years of life. Most children with FED do not experience perinatal or congenital adversities. Being a girl or firstborn, having a mother who smoked during pregnancy, and having immigrant parents are all associated with an increased risk of FED. These results suggest that FED has complex causal mechanisms and that a multidisciplinary approach is needed for the clinical management of young children with persistent problems of feeding, eating, and weight faltering.
